Thus vacuum annealed surface consists of a mixture of Ce 3+ and Ce 4+ cations along with oxygen vacancies that is similar to the features observed on CeO 2 nanoparticles surface.
SI-2: Estimation of surface coverage
The surface coverage of TMAA on CeO 2 (111) films was calculated by using the electron attenuation length ( signal is detected from the first layer and 90% of the signal came from layers 1 through 7. These simulations were performed using the molecular weight, density, number of valence band electrons and band gap for ceria. A monolayer corresponds to 3.1Å thickness of CeO 2 (111) thin film. Based on these estimations and our elemental composition it was calculated that 8.235%
and 7.965% atomic cerium was probed on the surfaces of TMAA adsorbed on stoichiometric and oxygen deficient CeO 2 (111), respectively. The XPS elemental quantification yields 8.9 % and 12.3% total carbon on the stoichiometric and oxygen deficient CeO 2 (111) surface following TMAA adsorption. Since, all of the probed carbon originates from the chemisorbed TMAA molecules and each TMAA molecule contains 5 carbon atoms, therefore 1.78 % (8.9%/5) and 2.46 % (12.3%/5) TMAA molecules are present on the surface. The surface coverage is defined as the total numbers of available cerium sites covered by TMAA molecules i.e. the ratio of the number of TMAA molecules to the number of cerium sites available on the surface of the film.
From the quantification numbers calculated above the surface coverage of TMAA molecules adsorbed on stoichiometric and oxygen deficient CeO 2 (111) surfaces is found to be 0.22ML and 0.30ML respectively.
